Intervertebral disc (IVD) herniation is a common origin of disabled spine and low back pain (LBP) which cause enormous health care toll. The annulus fibrosus (AF), which constitutes the outer part of the IVD, plays a key role in the mechanical and biological integrity of the IVD. Closure and repair of ruptured AF in herniated discs is yet an unmet clinical need.
Several groups have tried to close the AF defect with direct suture after discectomy, but they could not draw up consistent conclusions. In a 2-year follow-up study, suture of ruptured AF reduced reherniation risk in patients with predominant leg pain before discectomy but did not significantly affect the reherniation rate in the overall study. 4 Chiang et al assessed an AF suture device in porcine model both ex vivo and in vivo. The suture repaired discs succeeded against repeated compression forces ex vivo and showed lesser degenerative changes compared with unrepaired discs in vivo. 5 However, in another in vivo sheep study, suture of AF incisions did not significantly alter the healing strength of IVD after discectomy. 6 Heuer et al also suggested that suture alone is not enough for long-term reliable AF closure. 7 Our group has established a polyurethane (PU) patch and suture composite for AF defect closure. The composite was assessed in an organ culture system under simulated physiological loading condition. After repetitive dynamic load within a bioreactor, the sutured PU patch successfully maintained a tissue engineering (TE) construct inside AF defect of IVDs without nucleus pulposus (NP) protrusion. 8 This ex vivo model may be used to investigate different cells and/or drug delivery strategies for AF regeneration. As mechanical property of AF tissue is in the end determined by the components and structure of the biological matrix molecules, mechanical repair alone may not be sufficient to restore the function and integrity of AF if biological repair is not considered, especially in long-term outcome. TE approaches aiming for biological and structural repair of AF have been investigated in the last decade. Of several materials reported in the literature, electrospun scaffolds mimicking the fiber orientation and multilayer structure of AF are advantageous in obtaining mechanical properties similar to the native AF tissue. 9 Supporting treatments such as incorporation of growth factor or platelet-rich plasma could enhance AF regeneration. 10 Mesenchymal stem cells (MSCs) have been studied as potential cell sources for AF TE approaches. We have implanted human bone marrow MSCs into AF defect, and cultured the IVDs for 2 weeks under simulated physiologically relevant load conditions. The results indicate that the MSCs implanted into the AF defect are obtaining at least partially the AF cells phenotype, and implantation of MSCs prevents further degeneration of native AF tissue by upregulating anabolic gene expression and downregulating catabolic gene expression.
